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its subcellular location. Examples are the ubiquitin-Pardon Me—No Access
dependent degradation of proteins from the endoplas-without Ubiquitin mic reticulum, where the involved E2 and E3 enzymes
are largely located at the cytosolic surface of the mem-
brane (Jarosch et al., 2002), and the nucleus-specific
degradation pathways of Far1p and Mat2p in yeast
(Blondel et al., 2000; Lenk and Sommer, 2000). Here,
Far1p ubiquitination is limited to the nucleus since theSpatial separation of ubiquitin conjugation pathways
F-box protein Cdc4p, which is part of the Far1p-recog-contributes to target-specific ubiquitination. Recently,
nizing SCF complex, is localized to this compartment.Plafker et al. reported that importin 11-dependent nu-
Other components of this complex, Skp1p, the Cullinclear import of the ubiquitin-conjugating enzyme
Cdc53p, but also the involved E2 enzyme Cdc34p, ap-UbcM2 occurs only if the latter is charged with ubiqui-
pear to be evenly distributed throughout the cytoplasmtin. This interesting finding describes a link between
and the nucleus. Furthermore, the turnover of the tran-nuclear transport pathways and ubiquitin and reveals
scription factor MyoD is restricted to the nucleus, as ita novel mechanism for localizing components of the
has been shown in higher eukaryotes (Lingbeck et al.,ubiquitin system within the cell.
2003). Evidence for compartment-specific localization
also comes from the analysis of the E3 ligase Nedd4. It
contains nuclear export signals that prevent accumula-The small polypeptide ubiquitin serves as a proteinmod-
tion of this protein in the nucleus (Hamilton et al., 2001).ifier, which is covalently attached to the -amino groups
These results show that proper sorting of componentsof internal lysine residues of substrates. Ubiquitin conju-
of the conjugation machinery is crucial for the functiongation usually requires the successive action of three
of specific ubiquitination pathways.enzyme classes: ubiquitin-activating enzyme (E1), ubi-
In their work, Plafker and coworkers investigate thequitin-conjugating enzymes (E2), and ubiquitin ligases
nuclear import of UbcM2 via the transport receptor im-(E3). The E1 and all members of the class of E2 enzymes
portin 11 (Plafker et al., 2004). Previous studies revealedare “charged” when they form a thioester bond between
that UbcM2 binds only weakly to importin 11 in vivo.
an active site cysteine residuewithin the enzyme and the
Theynowdemonstrate that only the enzymatically active
C-terminal glycine of ubiquitin. Most ubiquitin ligases form of UbcM2, which forms a thioester bond with ubi-
function as substrate recognition factors that mediate quitin, is allowed to enter the nucleus. In microinjection
interaction between the E2 and the substrate. In these experiments, mutant forms of UbcM2, which lack the
cases, distinct E2/E3 combinations define substrate active site cysteine and are thus unable to be charged
specificity. E2 andE3 enzymesmay also be part of larger with ubiquitin, fail to reach the nucleus. Importantly,
protein complexes. One example for such amultisubunit Plafker et al. also demonstrate that UbcM2 binds im-
E3 ligase is the SCF (Skp1-Cullin-F-box protein) com- portin 11 in vitro when incubated with cellular extracts.
plex (Cardozo and Pagano, 2004). At least one class This association requires ATP and depends on the activ-
of E3s (HECT-domain ligases) also forms a thioester ity of the E1 enzyme. The exchange of the active site
reaction intermediate and directly ubiquitinates sub- cysteine of UbcM2 with arginine abolishes this inter-
strates. action. Finally, coimmunoprecipitation experiments
At least two different principles allow regulation of demonstrate that importin 11 specifically interacts with
specific ubiquitination: first, modification of the sub- ubiquitin-charged formsof UbcM2 and twoother ubiqui-
strate (e.g., by phosphorylation), which in turn uncovers tin-conjugating enzymes of the same class of E2 en-
signals for ubiquitination by the E3 ligase. Second, re- zymes.
striction of ubiquitination pathways to certain compart- These exciting results suggest that the linkage of ubi-
quitin via a thioester plays an important role in directingments can alter the half-life of a protein dependent on
Previews
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UbcM2 into the nucleus. But can this linkage alone serve serves as a quality control step. It excludes malfunc-
as a nuclear import signal? For two reasons this seems tioning UbcM2/E3 complexes from the nucleus and at
unlikely. First, importin 11 also binds directly to and the same time clears the cytosol from the potentially
mediates nuclear import of the ribosomal protein L12, undesired activity of these enzymes. Detailed character-
which occurs independently of ubiquitination (Plafker ization of UbcM2-dependent ubiquitination pathways
and Macara, 2002). Second, the authors have shown will shed light on these mechanisms in the future.
that only a subclass of ubiquitin-conjugating enzymes
is directed to the nucleus via importin 11. However, the
Thomas Sommer and Ernst Jaroschthioester linkage is common to all conjugating enzymes
Max-Delbru¨ck Center for Molecular Medicineand for this reason does not represent a specificity crite-
Robert-Rossle Str. 10rion. Alternatively, charging of UbcM2may trigger a con-
D-13092 Berlinformational change, which in turn exposes an unknown
Germanynuclear import signal present in this specific class of E2
enzymes. But the fact that the authors could not observe
direct binding of charged UbcM2 to importin 11 makes
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Indeed, the events that facilitate chromosome segrega-A New Target for POLO
tion at meiosis I are best understood in terms of the pre-in Meiotic Centromere Cohesion cisely controlled andsequential releaseof sister chromatid
cohesion, the release of cohesion along the euchromatic
arms at the onset of anaphase I, and then the release of
cohesion at the centromeres at anaphase II.The POLO kinase is a key regulator of the release
In meiosis I, bivalents are usually held together byof sister chromatid cohesion at the onset of mitotic
crossovers (or exchanges), which result from recombi-anaphase, as well as of other features of the mitotic
nation between the two homologous chromosomes dur-and meiotic processes. In this issue of Developmental
ing meiotic prophase. Crossovers hold the bivalent to-Cell, Clarke et al. show that POLO also regulates the
gether during meiotic prophase and spindle assemblyfunction of theMEI-S332 protein, which plays a critical
because euchromatic sister chromatid cohesiononbothrole in the maintenance of sister chromatid cohesion
sides of the crossover serves to lock the exchange inat the centromere during meiosis.
place and link the homologs together. To allow the biva-
lents to separate at anaphase I, sister chromatid cohe-During the first division of meiosis, each pair of homolo-
sion must be released along the arms of the meioticgous chromosomes is aligned on the metaphase I plate
chromosomes. However, to ensure that the two sisterand then segregated at anaphase I such that two homo-
chromatids of each homolog still segregate to a singlelogs proceed to opposite poles of the meiotic spindle.
pole at meiosis I, sister chromatid cohesion must beThis pattern of segregation is critically different from the
maintained at the centromeres of each chromosomeevents of the second meiotic division (and of mitotic
throughout the first division and until anaphase of meio-segregation) in which the two sister chromatids of each
chromosome segregate to opposite poles of the spindle. sis II. This is achieved by preventing the release of sister
